Bringing MMFF to the RDKit by Tosco, Paolo
08 January 2022
AperTO - Archivio Istituzionale Open Access dell'Università di Torino
Original Citation:
Bringing MMFF to the RDKit
Terms of use:
Open Access
(Article begins on next page)
Anyone can freely access the full text of works made available as "Open Access". Works made available under a
Creative Commons license can be used according to the terms and conditions of said license. Use of all other works
requires consent of the right holder (author or publisher) if not exempted from copyright protection by the applicable law.
Availability:
This is the author's manuscript
















































































. . .\ [26 a0C^YC.b a
. a.
7d
7d 7d 7d 7d
+













7d\ $ 7d\ $
##4








7d :] 7d :]
J J
J J J J



































































































































































































































































































































































































































































































































































































































































































































































































































































































































a! 966& 967& 965& 968& 96:& 96;& 96<& 96=& 96>& 96?&(ae% (aa% (a.% (aC% (a0% (ab% (ah% (a[% (ac% (aY%
(.e% (.a% (..% (.C% (.0% (.b% (.h% (.[% (.c% (.Y%
(Ce% (Ca% (C.% (CC% (C0% (Cb% (Ch% (C[% (Cc% (CY%
(0e% (0a% (0.% (0C% (00% (0b% (0h% (0[% (0c% (0Y%




'7d%% % % N,B-,,%#8%(?,97("$%'797$"-7*R%+,*`,,5%@@AAY0%"*#9%*R4,'%7%"5N%d%
?ZJ%X1%?Z!%X% >/+755,N%?7'*#B-"9'%`?#',%\/*?%+75%-,4-,',5*'%*?,%539+,-%#8%"*#9'%75%J%"5N%!%










? ! ? J
( ` i J i ! ` '





a! 966& 967& 965& 968& 96:& 96;& 96<& 96=& 96>& 96?&(ae% (aa% (a.% (aC% (a0% (ab% (ah% (a[% (ac% (aY%
(.e% (.a% (..% (.C% (.0% (.b% (.h% (.[% (.c% (.Y%
(Ce% (Ca% (C.% (CC% (C0% (Cb% (Ch% (C[% (Cc% (CY%
(0e% (0a% (0.% (0C% (00% (0b% (0h% (0[% (0c% (0Y%



































D 1e D 1a .
D 1e D 1a
a D 1e D 1a
a Z X Z X
,<4




i J i !
' -
i J i !
F(#-75B%835(*7#5G%
-./#)&02'&5678&
)(*#+,-%./01%26:1%
;75<*#51%=>%
)4,5CDIE:LMG%*?,%JD>7*%794$,9,5*"*7#5%
&?,%JD>7*%"$-,"NR%794$,9,5*'%$,"'*/'i3"-,/87*%"5N%CD%*-"5'8#-9"*7#5%
835(*7#5'%N,N7("*,N%*#%9#$,(3$"-%"$7B59,5*G#
I$$%`,%5,,N%7'%*#%B,5,-"*,%O7"%*?,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%835(*7#5"$7*R%"%
:aYgl2XgY8fWX%`7*?%9"*(?75B%"*#9%4"7-'%"5N%"%"6+c\XVZgss6TcbUX2XgYTV%
`7*?%`,7B?*'1%"5N%4"''%*?,9%*#%*?,%$,"'*/'i3"-,/87*%835(*7#5%
^TcbUX#`XY%UZ`_\X_Y8Va_[]TV\#=gT_[Y#"*:TU#mWVb:TU,#gT_[Y#"*:TU#mVX]:TU,#"64XT\ss8Va_[]TV\/6#
mYVa_[,#Z_Y#WVb!Z^#0#C$,#Z_Y#VX]!Z^#0#C$,#gT_[Y#:aYgl2XgY8fWX#uaYT\:aW#0#J,#gT_[Y#
"6+c\XVZgss6TcbUX2XgYTV#uqXZ`lY[#0#J,#bTTU#VX]UXgY#0#]aU[X,#c_[Z`_X^#Z_Y#\ao3YXV[#0#AJ?#
^TcbUX#aUZ`_:TU#="*:TU#mWVb:TU,#gT_[Y#"*:TU#mVX]:TU,#Z_Y#WVb!Z^#0#C$,#Z_Y#VX]!Z^#0#C$,#gT_[Y#
:aYgl2XgY8fWX#uaYT\:aW#0#J,#gT_[Y#"6+c\XVZgss6TcbUX2XgYTV#uqXZ`lY[#0#J,#bTTU#VX]UXgY#0#]aU[X,#
c_[Z`_X^#Z_Y#\ao3YXV[#0#AJ?#
-./#)&02'&5678&
)(*#+,-%./01%26:1%
;75<*#51%=>%
)CI%($"''G%9,*?#N'%Z_kkX%
PP#aUZ`_#WVTbX#T_YT#VX]XVX_gX#=VXYcV_[#":-6?#
97)@A0#V\[^#&#T/a>aUZ`_!'$
#
PP#`XY#":-6#a_^#YVa_[]TV\aYZT_#qlZgl#TeXVUaf[#WVTbX#a_^#VX]XVX_gX#\TUXgcUX[#
[Y^%%WaZV:97)@A0##"64XT\%%8Va_[]TV\/6#5<#V\[^8Va_[#&#T/a>YVa_[!'$
#
PP#`XY#YlX#*/%-gTVX#eaUcX#T]#YlX#aUZ`_\X_Y#=_T#_XX^#YT#agYcaUUf#aUZ`_#gTTV^Z_aYX[?#
97)@A0#T/a-gTVX#&#T/a>[gTVX!'$
#
PP#`XY#YlX#:aYgl2XgY8fWX#eXgYTV#
27,*3#"6'ZY%%:aYgl2XgY8fWX#5\aYglX[#&#T/a>\aYglX[!'$
#
PP#`XY#YlX#qXZ`lY#eXgYTV#
27,*3#"6+c\XVZg%%6TcbUX2XgYTV#5qXZ`lY[#&#T/a>qXZ`lY[!'#
*/%#T/a!"*:TU#"WVb:TU##27,*3#"*:TU#"VX]:TU##::>>%%::>>:TU.VTWXVYZX[#5WVb:.#$
##::>>%%::>>:TU.VTWXVYZX[#5VX]:.##27,*3#+,3#WVb!Z^#&#;$##27,*3#+,3#VX]!Z^#&#;$##
$$27,*3#@77A#VX]UXgY#&#6.A*0##27,*3#),*+-,09#+,3#\ao3YXV[#&#AJ##
##27,*3#),*+-,09#+,3#TWYZT_[#&#*/d7-5d::>>dK53498-##&%.#5XoY&%.#&#+7&&'#
-./#)&02'&5678&
)(*#+,-%./01%26:1%
;75<*#51%=>%
)CI%($"''G%9,*?#N'%Z!R*?#5X%
j#aUZ`_#WVTbX#T_YT#VX]XVX_gX#=VXYcV_[#":-6?#
V\[^#&#T/a>%UZ`_!'$
#
j#`XY#":-6#a_^#YVa_[]TV\aYZT_#qlZgl#TeXVUaf[#WVTbX#a_^#VX]XVX_gX#\TUXgcUX[#
!V\[^##YVa_['#&#T/a>8Va_[!'$
#
j#`XY#YlX#*/%-gTVX#eaUcX#T]#YlX#aUZ`_\X_Y#=_T#_XX^#YT#agYcaUUf#aUZ`_#gTTV^Z_aYX[?#
T/a-gTVX#&#T/a>-gTVX!'$
#
j#`XY#YlX#:aYgl2XgY8fWX#eXgYTV#
\aYglX[#&#T/a>:aYglX[!'$
#
j#`XY#YlX#qXZ`lY#eXgYTV#
qXZ`lY[#&#T/a>KXZ`lY[!'#
4XY*/%!WVb:TU##VX]:TU##WVb.f::>>:TU.VTWXVYZX[,#VX].f::>>:TU.VTWXVYZX[##
##WVb!Z^#&#;$##VX]!Z^#&#;$##VX]UXgY#&#E.A*0##\ao3YXV[#&#AJ##TWYZT_[#&#*/d7-5d::>>dK53498-'#
-./#)&02'&5678&
)(*#+,-%./01%26:1%
;75<*#51%=>%
)CI%"$7B59,5*%Z_kkX%
PP#`MM#CKaUU#CK_TCc_c[X^C]c_gYZT_#CT#T/a%UZ`_#T/a%UZ`_FgWW#C3i"6)%-5P!T^X#h#
PP###C&i"6)%-5PUZb#CU>ZUX.aV[XV[#CU"64X_XVaU#CU>TVgX>ZXU^9XUWXV[#CU>TVgX>ZXU^#CU:TU%UZ`_#
#
jZ_gUc^X#k4VaWl:TUP"6'ZY)a[XFl<#
jZ_gUc^X#k4VaWl:TUP>ZUX.aV[XV[P:TU-cWWUZXVFl<#
jZ_gUc^X#k4VaWl:TUP>ZUX.aV[XV[P:TUKVZYXV[Fl<#
jZ_gUc^X#k4VaWl:TUP>TVgX>ZXU^9XUWXV[P::>>P%YT\8fWXVFl<#
jZ_gUc^X#D4VaWl:TUP:TU%UZ`_P%UZ`_:TUXgcUX[FlD#
jZ_gUc^X#D4VaWl:TUP:TU%UZ`_P*/%%UZ`_:TUXgcUX[FlD#
#
)*+,-#,./0*1.20#"6'ZY(#
#
+,3#\aZ_!'$4#
##[Y^%%[YVZ_`#[^]#&#DVX]dX1d[gVa\bUX^F[^]D(#
##[Y^%%[YVZ_`#T/a-^]#&#DVX]dX1d*/%F[^]D(#
##-6:TU-cWWUZXV#[cWWUZXV![^]##38)0##6.A*0'(#
##+,3#_:TU#&#[cWWUZXV>UX_`Yl!'(#
##27,*3#+,3#VX]+c\#&#@G(#
##"*:TU#VX]:TU#&#5![cWWUZXVCVX]+c\D'(#
##::>>%%::>>:TU.VTWXVYZX[#VX]:.!VX]:TU'(#
##-6KVZYXV%%-6KVZYXV#5T/a:TU#&#,0F#-6KVZYXV%%-6KVZYXV!T/a-^]'(#
##[Y^%%gTcY#::#D+hYhY-!*"5hYhY":-6D#::#[Y^%%X_^U(#
##678#!+,3#WVb+c\#&#J(#WVb+c\#:#_:TU(#==WVb+c\'#4#
####"*:TU#WVb:TU#&#5![cWWUZXVCWVb+c\D'(#
####::>>%%::>>:TU.VTWXVYZX[#WVb:.!WVb:TU'(#
####:TU%UZ`_%%*/%#T/a!WVb:TU##VX]:TU##"WVb:.##"VX]:.'(#
####[Y^%%gTcY#::#WVb+c\#=#$#::#DhYhYD#::#[Y^%%]ZoX^#::#[Y^%%[XYWVXgZ[ZT_!1'#
######::#T/a>[gTVX!'#::#DhYhYD#::#T/a>aUZ`_!'#::#[Y^%%X_^U(#
####T/a:TU;<qVZYX!WVb:TU'(#
##?#
##T/a:TU;<gUT[X!'(#
$$803)8,#J(#
?#
!
I$7B5%"$$%9#$,(3$,'%75%"%FDA%87$,%
#5%"%(#99#5%-,8,-,5(,%Z_kkX%
-./#)&02'&5678&
)(*#+,-%./01%26:1%
;75<*#51%=>%
)CI%"$7B59,5*%Z!R*?#5X%
687/#V^nZY#+/1783#!lX\#
687/#V^nZY>!lX\#+/1783#%UU!lX\#
#
[^]#&#OVX]dX1F[^]O#
T/a-^]#&#OVX]dX1d.f*/%F[^]O#
[cWWUZXV#&#!lX\>-6:TU-cWWUZXV![^]##8VcX##>aU[X'#
_:TU#&#UX_![cWWUZXV'#
VX]+c\#&#@G#
VX]:TU#&#[cWWUZXVCVX]+c\D#
VX].f:.#&#%UU!lX\>::>>4XY:TUXgcUX.VTWXVYZX[!VX]:TU'#
T/a:TU#&#!lX\>-6KVZYXV!T/a-^]'#
18+,3#O+hYhY-!*"5hYhY":-6O#
678#WVb+c\#+,#Va_`X!J##_:TU'%#
##WVb:TU#&#[cWWUZXVCWVb+c\D#
##WVb.f:.#&#%UU!lX\>::>>4XY:TUXgcUX.VTWXVYZX[!WVb:TU'#
##Wf*/%#&#%UU!lX\>4XY*/%#h#
####!WVb:TU##VX]:TU##WVb.f:.##VX].f:.'#
##18+,3#OrJsthYhYr$sF1]thYhYr1sF1]tO>]TV\aY!WVb+c\#=#$##Wf*/%>-gTVX!'##Wf*/%>%UZ`_!''#
##T/a:TU>qVZYX!WVb:TU'#
T/a:TU>gUT[X!'#
!
I$7B5%"$$%9#$,(3$,'%75%"%FDA%87$,%
#5%"%(#99#5%-,8,-,5(,%Z!R*?#5X%
-./#)&02'&5678&
)(*#+,-%./01%26:1%
;75<*#51%=>%
)CI%"$7B59,5*G%+,8#-,%"5N%"8*,-%
6,8#-,% I8*,-%
-./#)&02'&5678&
)(*#+,-%./01%26:1%
;75<*#51%=>%
Q?"*%5,<*S%
!!
@:A%(#943*"*7#5%
!EF%9#N,$%+37$N75B%"5N%
O"$7N"*7#5%
O"-7"+$,%',$,(*7#5%
@,*?#N'%*#%4,-8#-9%))&6%93$*7/(#58#-9"*7#5"$%
"5N%93$*7/*?-,"N,N%"$7B59,5*%
:*,-"*7O,%-,875,9,5*%#8%#O,-$"R'%
:94$,9,5*"*7#5%#8%)CH%835(*7#5"$7*R%
-./#)&02'&5678&
)(*#+,-%./01%26:1%
;75<*#51%=>%
I(\5#`$,NB9,5*'%
&?"5\'%
&#%M7\%"5N%L-,B%
&#%M:6J%8#-%835N75B%
&#%"$$%'(7,5*7'*'%`?#%43+$7'?%*?,7-%'(7,5(,%75%'3(?%"5%#4,51%
($,"-%"5N%*-3$R%-,4-#N3(7+$,%8#-9%"'%;"$B-,5%N7N%`7*?%@@AA%
